Objective: We aimed to evaluate the safety and efficacy of a fixed-dose combination (FDC) of tramadol and diclofenac versus a standard approved FDC of tramadol and paracetamol, in patients with acute moderate to severe pain. Methods: A total of 204 patients with moderate to severe pain due to acute musculoskeletal conditions (n=52), acute flare of osteoarthritis (n=52), acute flare of rheumatoid arthritis (n=50), or postoperative pain (n=50) were enrolled in the study at baseline. Each disease category was then randomized to receive either of two treatments for 5 days: group A received an FDC of immediate-release tramadol hydrochloride (50 mg) and sustained-release diclofenac sodium (75 mg) (one tablet, twice daily), and group B received an FDC of tramadol hydrochloride (37.5 mg) and paracetamol (325 mg) (two tablets every 4-6 hours, up to a maximum of eight tablets daily). The primary efficacy end points were reductions in pain intensity from baseline at day 3 and day 5 as assessed by a Visual Analog Scale (VAS) score. Results: Group A showed a significant reduction in the VAS score for overall pain from baseline on day 3 (P=0.001) and day 5 (P,0.0001) as compared with group B. The combination of tramadol-diclofenac resulted in few mild to moderate adverse events (nausea, vomiting, epigastric pain, and gastritis), which required minimal management, without any treatment discontinuation. The number of adverse events in group A was nine (8.82%) compared with 22 (21.78%) in group B, after 5 days of treatment. Conclusion: An FDC of tramadol-diclofenac showed a significantly greater reduction in pain intensity and was well tolerated compared with tramadol-paracetamol, resulting in better analgesia in patients suffering from moderate to severe pain due to acute musculoskeletal conditions, postoperative pain following orthopedic surgery, or acute flare of osteoarthritis and rheumatoid arthritis.
Introduction
According to the 1995 Support study, approximately half of patients with any medical condition present with pain. 1 Pain remains the most inadequately treated symptom, due to different cultural, attitudinal, educational, legal, and system-related reasons.
Pain has a multifactorial origin, hence it may be difficult to achieve effective pain control with a single drug. 2 Combination therapy of analgesics from different groups is advantageous in targeting both peripheral and central pain pathways and hence, helps in production of analgesia at lower and more tolerable doses of the constituent drugs. 3, 4 Combination therapies can have a positive influence on the ability of individual components to minimize pain, with better tolerability and reduced recovery time. 4 The World Health Organization (WHO) Analgesic Ladder proposed in 1986 needs revision in the form of customized and patient-centric management of pain. According to the WHO ladder, the combination of paracetamol or nonsteroidal anti-inflammatory drugs (NSAIDs) with opioids was considered as the second step in the treatment of pain, based on increasing pain severity. 5 Now, instead of a ladder, a platform is the need of the hour, as different levels of pain severity and chronicity demand different analgesic platforms of management. Now, the clinician should be able to move up or down the appropriate platform to explore the various treatment options according to the status and needs of the individual patient. 6 The pharmacologic treatment of pain due to rheumatologic conditions, especially osteoarthritis, has many limitations, in terms of serious adverse effects and low efficacy. Lower doses of paracetamol represent an analgesic option for many patients, especially the elderly. However, historical data demonstrates hepatotoxicity at paracetamol doses greater than the maximum daily recommended dose of 4 gm/day. Data also suggest that paracetamol, at high doses, may add to the risk of upper gastrointestinal (GI) complications. Opioids may exhibit abuse potential, along with limited efficacy, over time. NSAIDs present a significant GI bleeding risk, along with a risk of a variety of renal complications, and myocardial infarction and other serious cardiovascular complications. 7 In addition, NSAIDs also have ceiling effects, and no therapeutic advantage is gained after increasing dosages beyond those recommended. 8 If the therapeutic advantage of NSAIDs needs to be utilized, then one of the options is to prescribe NSAIDs as a combination therapy. NSAIDs are one of the mainstay treatment options for musculoskeletal pain of moderate intensity. The recent guidelines issued by numerous professional medical societies, recommend NSAIDs at the lowest effective dose and shortest possible period, in view of the associated gastrointestinal, renal, and cardiovascular toxicity. 9 Opioids, which have a dual mode of action on opioid and monoaminergic receptors, comprise another group of analgesic drugs that are efficacious against both nociceptive and neuropathic pain. Among the opioids, tramadol has fewer side effects, such as constipation, respiratory depression, and sedation, compared with the typical strong opioids. Tramadol is now considered to be a first-line analgesic for many musculoskeletal indications. 9 The general recommendation for the management of moderate to severe acute pain is a combination of paracetamol or NSAIDs with opioids, based on increasing pain severity. This combination has an advantage of additive analgesic effects along with a minimized dose of opioids and hence, minimal undesirable side effects. NSAIDs offer an opioidsparing strategy in which the opioid activity can be potentiated by NSAIDs. This activity is due to an increased conversion of arachidonic acid to 12-lipoxygenase products, which in turn augments the effects of opioids on K + channels.
10
The fixed-dose combination (FDC) of tramadol and paracetamol has been extensively evaluated and compared with other combinations. Results from preclinical studies have observed both the dual mechanism of action of tramadol and the analgesic synergy between the two compounds in this FDC. 11 According to a meta-analysis, the combination of tramadol and acetaminophen was more effective than either of its two components administered alone, with an almost similar safety profile to either of the components prescribed alone. 12 The diverse mechanisms of action of diclofenac include inhibition of the thromboxane-prostanoid receptor, effect on arachidonic acid release and uptake, inhibition of lipoxygenase enzymes, and activation of the nitric oxide-cyclic guanosine monophosphate (cGMP) antinociceptive pathway. 13 On the other hand, tramadol is an atypical, centrally acting analgesic, as a result of its combined effect as opioid agonist and serotonin and noradrenaline reuptake inhibitor. 14, 15 Theoretically, the combination of tramadol hydrochloride (immediate release) and diclofenac sodium (sustained release) should provide both immediate and a long-term pain relief. But there is not enough literature on the benefits of this combination, and hence, a multicenter Phase III clinical trial was conducted across three centers in India to compare the efficacy and safety of the FDC of immediate-release tramadol 50 mg and sustained-release diclofenac 75 mg compared with an approved FDC of tramadol 37. 
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Materials and methods
The study was a 5-day randomized, open-label, comparative, parallel group, multicenter trial conducted at three centers in India. A total of 204 patients, both males and females between 18-70 years of age, with moderate to severe pain at baseline (Visual Analog Scale [VAS] score 16 .50 mm during the 5 days prior to the baseline visit) and diagnosed with AMSP (tendonitis, bursitis, synovitis), AFOA, AFRA, or POP were included in the study. Although rheumatoid arthritis and osteoarthritis are chronic diseases, patients often experience acute episodes of pain and inflammation, known as flare-up. Patients on any other treatment medications (including NSAIDs, corticosteroids, and opioid analgesics) or alternate therapy (including physiotherapy and acupuncture) were excluded from the study.
The study population was categorized depending upon the disease, as: AMSP, AFOA, AFRA, and POP. Patients in each category were randomized into two groups. Group A received an FDC of immediate-release tramadol 50 mg and sustained-release diclofenac 75 mg twice a day (12-hourly) for 5 days. This dose was based on the recommendation for combining the NSAID (diclofenac) at the recommended therapeutic dose (ie, 150 mg/day) with the minimal acceptable dose of Tramadol (ie, 100 mg/day), taking advantage of the opioid-sparing effect of the NSAIDs. Group B received an FDC of tramadol 37.5 mg and paracetamol 325 mg, two tablets every 4 to 6 hours, up to a maximum of eight tablets daily, as per the usual prescribed dosage of the FDC.
Patients from all the disease categories were assessed, at baseline and subsequently on day 3 and day 5 of treatment, on the following parameters: pain intensity, pain relief, swelling, inflammation, disability, and use of rescue medications. The primary efficacy parameter was reduction in pain intensity. The pain intensity was measured with a 0-100 mm VAS scale (for overall pain, pain at rest, and pain on movement). Pain relief was measured at the end of the 5-day treatment.
In addition to this, assessment for the Western Ontario and McMaster University Scale (WOMAC) index 17 was done to assess the pain, stiffness, and physical function in patients with AFOA; the Health Assessment Questionnaire (HAQ) scale 18 was done to assess the quality of life in patients with AFRA; and the Numerical Rating Scale (NRS) 16 was done in patients with POP. The NRS score was evaluated on a six-point rating scale (0= no hurt and 5= worst) (the higher the score, the worse the pain) at intervals of 0.5, 1, 2, 4, 8, 16, and 24 hours from the time of administration of the medication, in patients with POP.
A global assessment of efficacy and tolerability was done at the end of the study. Unbearable pain during the study period was treated with rescue medication (diclofenac), and the number of tablets of rescue medication was noted at each visit.
The safety profile was assessed by capturing the adverse events (AEs), and with biochemical laboratory investigations (serum glutamic oxaloacetic transaminase [SGOT], serum glutamic pyruvic transaminase [SGPT], alkaline phosphatase, and serum creatinine) and hematological investigation (hemoglobin, total red blood cells, total white blood cells, neutrophils, lymphocytes, eosinophils, and basophils). Tolerability was assessed on a three-point scale, as good (side effects mild or not observed), moderate (side effects of moderate intensity), or poor (side effects severe or discontinuation).
The study protocol and informed consent were approved by the ethics committees of Grant Medical College and Sir Jamshedjee Jeejebhoy Group of Hospitals, Mumbai; Vasantha Subramanian Hospital, Chennai; and Vijay Hospital, Pondicherry, India. The patients reviewed and voluntarily signed the informed consent form prior to involvement in any study-related activity.
The data was analyzed after pooling from all the centers. The two treatment groups were evaluated for baseline comparability of demographic data and baseline scores for symptoms. The efficacy analysis was done with per-protocol analysis, and safety analysis was done using intent-to-treat analysis. Quantitative data was analyzed by assessing Student's t-test and analysis of variance (ANOVA), and ranking/ qualitative data were analyzed using Mann-Whitney U test and the Kruskall-Wallis test. Proportions were compared using the chi-square test. The significance level was P,0.05 for all the statistical tests.
Results
A total of 204 patients were enrolled, out of whom 203 completed the study. There were 51 patients with AMSP, 52 patients with AFOA, and 50 patients each with AFRA and POP. There was a male preponderance in the study (61% male versus 39% female). The age, pulse rate, temperature, and systolic and diastolic blood pressures were comparable in both the treatment groups ( Table 1) .
The analysis of the study was performed separately for the four pain conditions, AMSP, AFOA, AFRA, and POP, as well as for the whole population (pooled data). The reduction in the intensity for overall pain was assessed with the VAS score, and the scores for the subgroups were In both the AMSP and AFOA groups, there was no significant decrease in mean change and percentage change from baseline in overall pain score on day 3. However, on day 5, significant reduction was observed in the mean change and percentage change in the overall pain score from baseline (P=0.002 and P=0.01, respectively). In case of the AFRA subgroup, there was significantly greater reduction seen in the mean change and percentage change from baseline in the overall pain score on day 3 (P=0.036) and day 5 (P=0.001).
Similarly, in the POP subgroup, the mean change and percentage change from baseline in overall pain score was significantly reduced both on day 3 and day 5 (P,0.0001) as shown in Table 2 . The other parameters used for pain assessment were the WOMAC index score in the AFOA group, total HAQ score in AFRA group, and the NRS scale assessment for the POP group (Table 3) , and the scores in each subgroup were compared between treatment groups A and B. The WOMAC score, in AFOA, was reduced significantly after day 3 (P=0.04) and day 5 (P,0.007). Similarly, the total HAQ score in the AFRA group also significantly decreased after treatment on both days (P=0.325 and P=0.003 on day 3 and day 5, respectively). Similarly, in patients with AFRA, assessment of the HAQ subscore for pain, showed a significant reduction (P=0.001). The NRS score for pain intensity in POP also showed a consistent decrease, with a significant reduction appearing as early as 2 hours after the medication was administered. A consistent decrease in the VAS scores was also seen in both the treatment groups, more so in the group A patients (Figure 1 ).
In the pooled population, the comparison with the mean VAS score from baseline after the 5-day treatment is shown in Table 4 , and again the scores were compared between groups A and B. There was significantly greater reduction in the mean change and percentage change from baseline in the overall pain score on day 3 (P=0.001) and day 5 (P,0.0001). The VAS score for pain at rest on day 5 also showed a significant reduction in mean and percentage change from baseline (P,0.0001). The VAS score for pain on movement reduced significantly on day 3 (P=0.002) and day 5 (P,0.0001).
There was an associated significant reduction in swelling and inflammation scores in group A as compared with group B on day 3 (P,0.0001) and day 5 of therapy (P,0.0001). The mean and percentage change from baseline swelling scores and composite inflammation scores also reduced significantly on day 3 (P,0.0001) and day 5 (P,0.0001) in group A as compared to group B.
The amount of rescue medications used, in the form of diclofenac (not more than 150 mg), was found to be significantly greater in group B (44 tablets) compared with group A (eight tablets) ( Table 4) .
Compliance was assessed by counting the tablets consumed, during follow up and at the last visit. It was observed that the patients in both groups A and B consumed .80% medication during the study period.
The global efficacy and tolerability assessment by physician and patient in the pooled data is shown in by physicians, approximately 80% of group A patients and 18% of group B patients had a very good and excellent grade (P,0.0001), whereas when assessed by patients, 82% in group A and 16% in group B had very good and excellent grade (P,0.0001). The global tolerability assessment by physician was good in 77% of group A and 42% of group B patients (P,0.0001). The tolerability assessment by patients was also mostly good in both groups (77% in group A and 40% in group B) (P,0.0001). The safety evaluation results are depicted in Table 6 . Both the study medication groups had few AEs, among which the common AEs were nausea, vomiting, drowsiness, epigastric pain, and gastritis. The majority of the AEs were mild to moderate in intensity, requiring minimal management, without discontinuation of study drugs. The total number of patients with AEs on day 3 of treatment was significantly less in group A (16) compared with 46 in group B (P,0.0001). The total number of patients with AEs on day 5 of treatment was nine (8.82%) in group A and 22 (21.78%) in group B (P=0.019). On both day 3 and day 5, the most frequent AEs were nausea and vomiting. The laboratory parameters at baseline, day 3, and day 5 showed no significant differences in both the groups.
Discussion
The combination of diclofenac and tramadol theoretically combines the advantages of the peripherally acting diclofenac at lowest effective dose along with predominantly 
461
Tramadol-diclofenac vs tramadol-paracetamol centrally acting tramadol. Our study was aimed at comparing the safety and efficacy of tramadol and diclofenac with tramadol and paracetamol, as an analgesic agent for moderate to severe pain in musculoskeletal conditions. The present study results indicated that tramadol and diclofenac is the rational combination for management of moderate to severe pain. The VAS score for overall pain in all the subpopulations was significantly reduced after combination therapy of tramadol and diclofenac. Similarly, in the pooled population, a significant decrease was seen in the VAS score for overall pain, pain at rest, and pain on movement. Interestingly, a previous study employing the FDC of diclofenac and tramadol, 19 and using an NRS score for evaluation, observed a faster, longer, and homogeneous analgesic effect in patients after unilateral hallux valgus surgery compared with diclofenac alone. Additionally, the combination at all the dose regimens, significantly (P,0.005) improved pain relief and was well tolerated in patients with acute inflammatory pain of moderate to severe intensity. 19 These findings uphold the result of our study, which differs primarily in terms of the pain score used. Among other related studies, not enough literature is available that explored the effect of similar combinations on the VAS score; however, a meta-analysis of the use of morphine in patients with moderate to severe cancer pain showed that morphine reduced the VAS score to ,30 mm and also proved that oral morphine had almost similar efficacy to other available opioids. 20 Another study compared diclofenac-tramadol and diclofenac-paracetamol for pain relief after caesarean section. The results showed a reduction in overall pain score, which was significantly more pronounced in the diclofenac-tramadol group. 21 The number of rescue analgesic medications consumed was comparable between the two groups (13% versus 12%) (P=0.872). 21 However, in our study, the amount of rescue medication consumed was greater with tramadol-paracetamol, though the difference was not significant.
A previous study tried to use quantitative testing as a diagnostic test for oxycodone (opioid analgesic) compliance, and this model accurately predicted oxycodone in the urine (±10% for 90% of the patients). 22 In our study, compliance with the medication was measured by counting the tablets consumed, during follow up and at the last visit, and our study revealed an overall compliance of .80%.
The current study showed a significant decrease in the WOMAC index score in AFOA, in the total HAQ score in AFRA, and in the NRS scale assessment for POP. A study on 60 patients with osteoarthritis compared diclofenac versus tramadol in detecting differences in pain relief and functional impairment. The WOMAC score was used, and the study found modestly improved median pain intensity in both treatment groups, with similar improvement in functional parameters. The difference between the two groups was not 23 But as our study observed that the combination of tramadol and diclofenac decreased the WOMAC score, it can be advocated for pain due to osteoarthritis. After 24 hours, the diclofenac and tramadol combination significantly lowered the NRS pain score in comparison with tramadolparacetamol. However, in both the treatment groups, the pain score had reduced only after 2 hours of medication. 21 The AEs for both the combination drugs occur infrequently and are usually mild to moderate in nature, not warranting discontinuation of therapy. In a previous work, the tramadol and paracetamol combination was compared with only tramadol therapy, for POP following ambulatory hand surgery. The AEs reported were nausea, dizziness, somnolence, vomiting, and increased sweating, and these occurred less frequently with the combination arm (P=0.004). 3 The total number of AEs in our study was less in the group receiving the tramadol-diclofenac combination compared with the group receiving the tramadol-paracetamol combination, on both day 3 and day 5 of follow up, and the AEs were mild to moderate in nature, with self-limiting nausea and vomiting being most common.
In response to the findings from the 2012 review of NSAIDs, the UK Medicines and Healthcare Products Regulatory Agency reviewed diclofenac in October 2012 and identified a small increased risk of cardiovascular side effects associated with diclofenac compared with other NSAIDs. 24 Factors that can affect diclofenac dose include the condition that is being treated. When treating different types of arthritis, such as osteoarthritis or rheumatoid arthritis, the recommended daily dose is 100-150 mg in two or three divided doses. 25 However, all anti-inflammatory medicines (including NSAIDs and Cyclooxygenase-2 [COX-2] inhibitors) should be used at the lowest possible dose and for the shortest possible period necessary to control symptoms. A physician assessment should consider a patient's need for pain relief and any particular treatment preference they have, as well as any risk factors they may carry.
A limitation of the study was the small sample size due to which the results could not be completely extrapolated to the general population. As well, all patients were suffering from pain due to musculoskeletal conditions (AMSP, POP, AFOA, and AFRA), and hence the study cannot comment on the safety and efficacy of this combination in other clinical conditions. Further, this was a clinical trial set up in a controlled setting, where the role of comorbidities and concomitant medications could not be evaluated completely to generate further evidence, thereby warranting a study in a real-world setting.
Conclusion
The tramadol-diclofenac combination showed a significantly greater reduction in VAS scores for pain, and in swelling and inflammation, among patients with AMSP, POP, AFOA, and AFRA as compared with the tramadol-paracetamol combination. The WOMAC and HAQ scores in patients with AFOA and AFRA, respectively, showed a consistent decrease on day 3 and day 5 of therapy with the tramadol-diclofenac combination. This drug combination also influenced the pain intensity measured by NRS score for POP, as early as 2 hours after consumption of medication. The side effects for both combinations were comparable, were usually mild to moderate in nature, and occurred infrequently, not warranting discontinuation of therapy. Larger trials in special populations, such as geriatric patients, cancer patients, etc, may be needed to further substantiate the findings of the present study.
